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BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

[0001] The present invention relates to water heating systems and, more particularly, 

to a water heating system that employs a vapor compression system using carbon dioxide as 
the refrigerant. 

2. Description of the Related Art. 

[0002] Water heating systems that utilize a heat pump cycle, i.e., a vapor compression 

system, having carbon dioxide as the refrigerant are known in the art. Such systems typically 
include a compressor that compresses carbon dioxide from suction pressure to a supercritical 
discharge pressure. The compression of the carbon dioxide to the discharge pressure elevates 
the temperature of the carbon dioxide. The hot, high pressure carbon dioxide is then supplied 
to a heat exchanger in which the carbon dioxide is cooled and water is heated. 

[0003] Although such water heating systems are known, an improved water heating 

system that employs a vapor compression system having carbon dioxide as the working fluid 
is desirable. 

SUMMARY OF THE INVENTION 
[0004] The present invention provides a water heating system. The water heating 

system, in one form, includes a water storage vessel; a water circuit circulating water from at 
least one inlet in fluid communication with the storage vessel to at least one outlet in fluid 
communication with the storage vessel; a first heat exchanger operably disposed in the water 
circuit; at least one second heat exchanger operably disposed in the water circuit; and a vapor 
compression system defining a refrigerant circuit for circulating a refrigerant. The vapor 
compression system comprises a first compressor mechanism and a second compressor 
mechanism. The first compressor mechanism compresses a refrigerant from a suction 
pressure to an intermediate pressure. The second compressor mechanism compresses the 
refrigerant from the intermediate pressure to a discharge pressure. The refrigerant may 
advantageously be carbon dioxide which is compressed to a supercritical discharge pressure. 
The first heat exchanger is operably disposed in the refrigerant circuit between the first and 
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second compressor mechanism wherein intermediate pressure refrigerant heats water 
circulating in the water circuit. An expansion device is operably disposed in the refrigerant 
circuit and reduces the pressure of the refrigerant. An evaporator is operably disposed in the 
refrigerant circuit between the expansion device and the first compressor mechanism. The at 
least one second heat exchanger is operably disposed in the refrigerant circuit between the 
second compressor mechanism and the expansion device wherein refrigerant heats water in 
the fluid circuit 

[0005] In a related embodiment, the vapor compression system further comprises an 

internal heat exchanger that transfers thermal energy between refrigerant at a first location 
and refrigerant at a second location. The first location is disposed between the at least one 
second heat exchanger and the expansion device, and the second location is disposed between 
the evaporator and the first compression mechanism. 

[0006] The present invention also provides a method of heating water. The method 

comprises the steps of providing a water storage vessel; providing a first compressor 
mechanism and a second compressor mechanism; compressing a refrigerant comprising 
carbon dioxide from a suction pressure to an intermediate pressure in the first compressor 
mechanism; compressing the refrigerant from the intermediate pressure to a supercritical 
discharge pressure in the second compressor mechanism; circulating water through a first 
heat exchanger such that the water is heated by the intermediate pressure refrigerant in the 
first heat exchanger; communicating the heated water to the storage vessel; circulating water 
through a second heat exchanger such that the water is heated by the supercritical pressure 
refrigerant in the second heat exchanger; and communicating the water heated in the second 
heat exchanger to the storage vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] The above mentioned and other features and objects of this invention, and the 

manner of attaining them, will become more apparent and the invention itself will be better 
understood by reference to the following description of an embodiment of the invention taken 
in conjunction with the accompanying drawings, wherein: 

Figure 1 is a schematic diagram of a water heating system according to one 
embodiment of the present invention; 
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Figure 2 is a side view of a water heating system according to one embodiment of the 
present invention; 

Figure 3 is a perspective view of the heat exchanging module of the water heating 
system of Fig. 2. 

Figure 4 is a perspective view of the compressor and evaporator module of the water 
heating system of Fig. 2. 

[0008] Corresponding reference characters indicate corresponding parts throughout 

the several views. Although the exemplification set out herein illustrates an embodiment of 
the invention, in one form, the embodiment disclosed below is not intended to be exhaustive 
or to be construed as limiting the scope of the invention to the precise form disclosed. 

DESCRIPTION OF THE PRESENT INVENTION 
[0009] Referring now to the drawings and particularly to Figs. 1 and 2, there is shown 

a water heating system 10 that includes a water circuit and a vapor compression system. The 
water circuit, generally represented by dashed lines, includes a water storage vessel 12 and a 
water circulation system that extends through a heat exchanging module 40 that includes 
pump 24 and heat exchangers 48, 50, 52, and returns to water storage vessel 12 as described 
in greater detail below. 

[0010] As illustrated in Figure 2, the water storage vessel 12 and heat exchanging 

module 40 can be housed in the interior of a building while compressor and evaporator 
module 42 may be located outside the building. The vapor compression system defines a 
refrigerant circuit, generally represented by solid lines, that includes a two stage compressor 
44 and intercooler 48, heat exchangers 50, 52, internal heat exchanger 54, expansion device 
56, heat exchanger 58 and suction accumulator 62 as described in greater detail below. 

[0011] Water storage vessel 12 may be any water storage vessel suitable for storing 

hot water. Water storage vessel 12 includes outlet 14 and inlet 16 by which water 
respectively enters and exits the water circuit including heat exchanging module 40. Water 
storage vessel 12 also includes hot water outlet 18 by which hot water exits water storage 
vessel 12 and flows to the point of use. A water supply line (not shown) supplies unheated 
water to storage vessel 12. 
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[0012] Water storage vessel 12 may also include thermostat 20. As discussed in 

greater detail below, thermostat 20 can be used to monitor the temperature within water 
storage vessel 12 and control the operation of water heating system 10. In the illustrated 
embodiment, water storage vessel 12 also includes a manually operated air vent 22 that can 
be used to provide communication between the interior of tank 22 and the surrounding 
environment when draining and servicing water storage vessel 12. 

[0013] Referring now to FIGS. 1 and 4, vapor compression system 42 includes two- 

stage compressor 44, which comprises first-stage compressor mechanism 44a and second- 
stage compressor mechanism 44b. The compressor stages 44a, 44b may be any suitable type 
of compressor mechanism including rotary, reciprocating piston and/or scroll compressor 
mechanisms. 

[0014] Also included in the compressor and evaporator module 42 is an internal heat 

exchanger 54, expansion device 56, evaporator 58, blower 60, and suction accumulator 62. 
Internal heat exchanger 54 takes the form of a dual heat transfer coil having a tube within 
tube construction. Internal heat exchanger 54 is in fluid communication with the refrigeration 
circuit at two locations along the refrigeration circuit. First, the internal tube of heat 
exchanger 54 communicates with the refrigeration circuit at a location between heat 
exchanging module 40 and the inlet side of expansion device 56. The external tube of heat 
exchanger 54 communicates with the refrigerant circuit at a second location between 
evaporator 58 and suction accumulator 62. 

[0015] Expansion device 56 is in fluid communication with the refrigeration circuit 

between internal heat exchanger 54 and evaporator 58. In the illustrated embodiment, 
expansion device 56 takes the form of two expansion valves 56a, 56b arranged in parallel, 
however, alternative configurations may also be used with the present invention. Evaporator 
58 is a micro-channel evaporator 58 and includes a series of coils through which the 
refrigerant flows. Evaporator 58 is in communication with the refrigeration circuit between 
the outlet side of expansion device 56 and internal heat exchanger 54. As shown in FIG. 1, 
blower 60 is positioned adjacent to the evaporator 50 and pulls air across the coils of 
evaporator 58. As illustrated in FIGS. 1 and 4, suction accumulator 62 is in communication 
with the refrigeration circuit between internal heat exchanger 54 and compressor 44. 
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Accumulator 62 separates liquid and gas phase refrigerant to limit or prevent liquid phase 
refrigerant from entering first-stage compressor mechanism 44a. 

[0016] Referring now to FIGS. 1 and 3, heat exchanging module 40 includes 

intercooler heat exchanger 48, primary heat exchanger 50, and secondary heat exchanger 52. 
Heat exchangers 48, 50 and 52 are fluidly connected to water storage vessel 12, as illustrated 
by the dashed lines representing the water circuit, and to the vapor compression system. 
Each of heat exchangers 48, 50, 52 comprises dual heat transfer coils having a tube within 
tube construction. The internal tube of heat exchangers 48, 50, 52 is in communication with, 
and forms a part of, the refrigerant circuit while the external tube of the heat exchangers 48, 
50, 52 is in communication with, and forms a part of the water heating circuit. The internal 
tube of intercooler heat exchanger 48 is in fluid communication with the refrigerant circuit at 
a position between first-stage compression mechanism 44a and second-stage compression 
mechanism 44b while primary and secondary heat exchangers 50, 52 are arranged in series in 
the refrigeration circuit at a position between second-stage compression mechanism and 
expansion device 56. While the illustrated embodiment of heating system 10 includes two 
heat exchangers 50, 52 that function as both gas coolers for the refrigerant and water heating 
units, a single heat exchanger could be used in place of heat exchangers 50, 52, or multiple 
heat exchangers could be employed and arranged in parallel and/or in series. 

[0017] Referring now to FIGS. 1 and 3-4, the refrigeration circuit will now be 

described in further detail. The refrigeration circuit includes first-stage suction line 64 fluidly 
connecting suction accumulator 62 to first-stage compression mechanism 44a. A first-stage 
discharge line 66 fluidly connects first-stage compressor mechanism 44a to heat exchanger 
48. From first-stage heat exchanger 48 second-stage suction line 68 communicates fluid to 
second-stage compressor mechanism 44b. A discharge line 70 fluidly connects second-stage 
compressor mechanism 44b to primary and secondary heat exchangers 50, 52 which are 
arranged in series. Refrigerant line 72 fluidly connects secondary heat exchanger 52 to 
internal heat exchanger 54. A pressure relief valve 82 and a pressure relief switch 84 are 
positioned on discharge line 70. Pressure relief valve 82 is used to vent refrigerant to the 
environment if the pressure within line 70 exceeds a predetermined value. Pressure switch 84 
is coupled to the power supply for compressor 44 and interrupts the power to compressor 44 
if the pressure within line 70 exceeds a predetermined value. The pressure at which pressure 
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switch 84 interrupts power to compressor 44 is advantageously less than the pressure at 
which valve 82 vents refrigerant. 

[0018] Internal heat exchanger 54 is fluidly connected to expansion device 56 via 

refrigerant line 74. Refrigerant line 76 extends from expansion device 56 to evaporator 58. 
Line 78 fluidly connects evaporator 58 to internal heat exchanger 54, and refrigerant line 80 
fluidly connects internal heat exchanger 54 to suction accumulator 62. The pipes used in 
constructing refrigeration circuit may be of any size and material suitable for withstanding 
the temperatures and pressures of the refrigerant conveyed within the pipes. Advantageously, 
the refrigerant lines used within the vapor compression system are stainless steel pipes. One 
or more of the refrigerant lines 66, 68, 70 may also be insulated to improve the efficiency of 
the water heating system. 

[0019] Referring now to FIGS. 1 and 3, the water circuit will now be described in 

further detail. The water heating circuit includes main water circulation line 26, which is 
fluidly connected at one end to water storage vessel 12 via outlet 14. Water is drawn from 
vessel 12 through line 26 by water circulation pump 24. At its opposite end, main water 
circulation line 26 branches into first heat exchanger inlet line 28 and second heat exchanger 
inlet line 30. First inlet line 28 communicates with heat exchanger 48, while second inlet line 
30 communicates in series with primary and secondary heat exchangers 50, 52. First heat 
exchanger outlet line 32 exits first-stage heat exchanger 48 and second heat exchanger outlet 
line 34 exits secondary second-stage heat exchanger 52. Outlet lines 32 and 34 merge to 
form main water return line 36, which communicates with water storage vessel 12 via inlet 
16. In the illustrated embodiment, ball valves 38 are located in water return line 36 and water 
line 26 to isolate water storage tank 12 from heat exchanging module 40 to facilitate the 
maintenance and repair of heat exchanging module 40. The piping used in the water circuit 
may be standard copper piping. Other suitable piping may also be used. The piping and 
storage vessel 12 of the water circuit are advantageously insulated to limit heat loss. 

[0020] Referring now to FIGS. 1 and 3-4, in operation, a refrigerant, such as carbon 

dioxide, is drawn into first-stage compression mechanism 44a at a suction pressure and a 
suction temperature via suction line 64. The refrigerant is compressed by first-stage 
compression mechanism 44a from a suction pressure to an intermediate pressure. The 
compressing of the refrigerant in compression mechanism 44a to the intermediate pressure 
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also elevates the temperature of the refrigerant. The warm, intermediate pressure refrigerant 
is discharged from first-stage compression mechanism 44a into intermediate pressure line 66 
which conveys the refrigerant to heat exchanger 48. In the illustrated embodiment, the 
intermediate pressure refrigerant flows through the internal tube of heat exchanger 48 and is 
cooled by water circulated through the external tube of heat exchanger 48. 

[0021] Water from water storage vessel 12 is drawn by circulation pump 24 from 

storage vessel 12 via water circulation outlet 14 into main water circulation line 26. The 
water then flows from main water circulation line 26 into both first and second heat 
exchanger inlet lines 28, 30. The water from first heat exchanger inlet line 28 enters and 
flows through the external tube of first stage heat exchanger 48 in a direction counter to the 
flow of the refrigerant within the internal tube. Thermal energy is transferred from the 
refrigerant in the internal tube to the water in the external tube, thereby heating the water and 
cooling the intermediate pressure refrigerant gas. Thus, first-stage heat exchanger 48 acts as 
both an intercooler, cooling the intermediate pressure refrigerant, and as a water heater, 
raising the temperature of water that is returned to water storage vessel 12. 

[0022] The intermediate pressure refrigerant exits heat exchanger 48 and flows to 

second-stage compression mechanism 44b via intermediate pressure line 68. Second-stage 
compression mechanism 44b further compresses the intermediate pressure refrigerant to a 
supercritical discharge pressure. Compressing the refrigerant in compression mechanism 44b 
also elevates the temperature of the supercritical refrigerant. The hot high pressure 
refrigerant is discharged from second-stage compression mechanism 44b into high pressure 
line 70 which conveys the refrigerant to primary and secondary heat exchangers 50, 52 which 
are arranged in series. In the illustrated embodiment, the hot high pressure refrigerant is 
conveyed through the internal tube of each of primary and secondary heat exchangers 50, 52. 

[0023] Water from line 30 enters and flows through the external tube of each of 

primary and secondary heat exchangers 50, 52 in a direction counter to the flow of the 
refrigerant within the internal tube. As in first-stage heat exchanger 48, heat is transferred in 
primary and secondary heat exchangers 50, 52, primarily by conduction through the internal 
tube wall, from the refrigerant flowing within the internal tube to the water flowing in the 
external tube. Thus, the second-stage heat exchangers 50, 52 cool the high pressure 
refrigerant and raise the temperature of the water. In the illustrated embodiment, carbon 
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dioxide is employed as the refrigerant and is compressed to a supercritical pressure in second 
compression mechanism 44b. Thus, heat exchangers 50, 52 act as a gas cooler when cooling 
the supercritical carbon dioxide refrigerant. If an alternative refrigerant that did not require 
compression to a supercritical pressure, heat exchangers 50, 52 would function as a 
conventional condenser. The water heated in secondary heat exchanger 52 is discharged into 
line 34 while the heated water from heat exchanger 48 is discharged into line 32. Each of the 
water lines 32, 34 feed the heated water into main water return line 36, which communicates 
the heated water to water storage vessel 12 via inlet 16. 

[0024] The high pressure refrigerant exits secondary heat exchanger 52 and returns to 

module 42 via refrigerant line 72. More specifically, the high pressure refrigerant flows 
through line 72 and enters the internal tube of internal heat exchanger 54 where the high 
pressure refrigerant is further cooled. The high pressure refrigerant exits internal heat 
exchanger 54 and flows to expansion device 56 via line 74. At expansion device 56, the 
pressure of the refrigerant is reduced by conventional expansion valves 56a, 56b. Low 
pressure refrigerant line 76 communicates the refrigerant to evaporator 58, where the low 
pressure refrigerant evaporates and absorbs thermal energy from the air drawn over the 
evaporator coils by blower 60. Additional thermal energy is imparted to the low pressure 
refrigerant in internal heat exchanger 54. Refrigerant line 78 conveys the relatively cool low 
pressure refrigerant from evaporator 58 to internal heat exchanger 54. The low pressure 
refrigerant flows through the external tube of internal heat exchanger 54 in a direction 
counter to the flow of the high pressure refrigerant in the internal tube and heat is transferred 
from the high pressure refrigerant to the low pressure refrigerant. As a result, the low or 
suction pressure refrigerant is pre-heated prior to entering compressor 44. The suction 
pressure refrigerant is conveyed from internal heat exchanger 54 to suction accumulator 62 
via refrigerant line 80. Suction accumulator 62 separates condensation, i.e., liquid phase 
refrigerant, from the gas phase refrigerant before the refrigerant returns to the inlet of first 
stage compressor mechanism 44a via refrigerant line 64. The refrigerant is then circulated 
again through the vapor compression system. 

[0025] Water storage vessel 12 is used to store heated water so that is available 

through water line 18 upon demand. To maintain the water within storage vessel 12 at a 
desired temperature and to elevate the temperature of unheated water entering vessel 12 to 
replenish water discharged through water line 18 to a point of use, the water within storage 
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vessel 12 may be recirculated continuously through the heat exchanging module 40. 
Alternatively, the water in vessel 12 may be circulated through heat exchanging module 40 
based upon the temperature of the water in storage vessel 12. For example, a thermostat 20 
may be mounted on storage vessel 12 to sense the temperature of the water within vessel 12. 
Thermostat 20 may also control the power supply to both pump 24 and compressor 44 
wherein the thermostat 20 activates both pump 24 and compressor 44 when the temperature 
of the water within vessel 12 falls below a predefined temperature. Thermostat 20 would 
then deactivate pump 24 and compressor 44 when the temperature of the water within vessel 
12 reached a second predefined temperature. The predefined temperatures defining when 
water is circulated by pump 24 through heat exchanging module 40 could be set such that 
pump 24 substantially continuously circulates water through heat exchanging module 40. 
The quantity and frequency of hot water removed from vessel 12 through water line 18 and 
the storage capacity of vessel 12 may all influence the optimum settings for thermostat 20. 
The use of such a thermostat to control the activation and deactivation of a water heating 
system utilizing a vapor compression system is known to those having ordinary skill in the 
art. 

[0026] Alternative embodiments could employ additional controls, sensors and valves 

to more precisely control the operation of system 10, however, such additional features would 
increase the cost of the system. For example, it would possible for system 10 to include an 
electronic control unit and electronically controlled valves in water lines 28 and 32 to allow 
water to be pumped through heat exchangers 50, 52 without any water being pumped through 
intercooler 48. The electronic control unit might also receive signals from one or more 
temperature and pressure sensors disposed on the vapor compression system and be 
programmed to allow or prevent the circulation of water through heat exchanger 48 to 
promote the efficient operation of the vapor compression system. 

[0027] While this invention has been described as having an exemplary design, the 

present invention may be further modified within the spirit and scope of this disclosure. This 
application is therefore intended to cover any variations, uses, or adaptations of the invention 
using its general principles. 
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